Abstract: Lake Victoria, the second largest fresh water lake in the Eastern part of Africa is a vital natural resource for the economic well being and prosperity of over 30 million people located in riparian regions of Uganda, Kenya and Tanzania. It covers a large area of about 68,870 km 2 and produces a GDP of about US $30 billion per year. The region is also very much prone to natural disasters such as severe floods during heavy precipitation periods in the Eastern part of Africa.
"now casts" that can be sent to the disaster management organizations of Uganda, Kenya, and Tanzania. Post flood event satellite imagery is becoming a common tool to assess the areas inundated by flooding. However, this work is unique undertaking by utilizing 1 land imaging and atmospheric satellites to build credible flood potential maps. At the same time, we are also studying the potential occurrence and spread of Rift Valley Fever disease based on the short-term climate records and precipitation data. These activities require multi-nation coordination and agreements and multiple operational agencies within each respective country. It also requires credible in situ data such as precipitation; river flow rates and lake levels to further validate the global and regional flood models and algorithms. This further requires a considerable amount of training and capacity building for the RCMRD experts who will help in validating the model results and eventually transition it for operational use. In a final analysis, Disaster management and humanitarian aid organizations need accurate and timely information for making decisions regarding deployment of relief teams and emergency supplies during major floods. Flood maps based on the use of satellite data have proven extremely valuable to such organizations.
remote sensing data has proven extremely valuable for identifying the location, extent, and severity of these events. However, despite extraordinary efforts on the part of remote sensing data providers to rapidly deliver such maps, there is typically a delay of several days or even weeks from the onset of flooding until such maps are available to the disaster management community. This paper summarizes efforts at NASA to address this problem through development of an integrated and automated process of a) flood detection b) flood forecasting, c) satellite data acquisition, d) rapid flood mapping and distribution, and e) validation of flood forecasting and detection products.
Introduction: Floods present a major hazard to the eastern to central part of Africa during the rainy season, which normally is from February to June. Table 1 shows the year 2006 statistics obtained from the RCMRD records. There is no easy remedy to control such repetitive calamity but be prepared with necessary first aid measures to ensure food supply and temporary housing is provided to the affected population. Aerial photography and satellite imagery is used on a regular basis to assess the area inundated by the floods, however no significant work has been done in terms of early warning measures before any occurrence of floods in any basin. This requires many measurement parameters and accurate models to come up with such forecasts. Fig. 1 shows March 2009 floods in the Zambezi river basin that has affected Angola, Namibia, Botswana and Zambia. This is a chain event where the heavy rains in the northern part of the river basin continues to swell the lower basin before it discharges some of the excess water in the Indian ocean. NASA's EO-1 satellite shows images of the river basin.
The end goal is to enable RCMRD to use NASA data products to serve all of their (15) African member nations to enhance sustainable development, monitor the ecological conditions, and improve the quality of life. The ultimate beneficiaries of this project and follow on efforts will be the people in the areas of East Africa vulnerable to disastrous flooding and related environmental effects who will be served by RCMRD and their member national disaster response authorities.
Our main focus area will be to provide early warning and related information products initially for the Lake Victoria region because of its territorial, geographic and epidemiological importance for this region. As stated above, the region around Lake Victoria is prone to flooding because of heavy rains and overflowing of the tributary rivers and streams and is home to over 30 million people. Similarly, there is a heavy population density on the Uganda and Tanzania sides who suffer the same fate during the flooding seasons. Additionally, the Rift Valley is just east of the Lake Victoria region and the region where Rift Valley Fever emerges because of substantial precipitation and abundance of larvae growth resulting in large mosquito population. In late May of 2002 alone, widespread flooding throughout Kenya displaced up to 60,000 people. The official number of those killed, mainly from landslides, was well over 50. According to BBC reports, a total of 175,000 were affected by this flooding event which hit seven of Kenya's eight provinces, stretching across the country from the shores of Lake Victoria in the Nyanza Province in the West, to the Coast Province in the East. This area further borders with Tanzania and Uganda and is under a constant fear of flooding every year. Similar catastrophic situation ocurred in year 2006 as shown in Table 1 .
Several researchers have taken advantage of the recently available and virtually uninterrupted supply of satellite-based rainfall information as an alternative and supplement to the ground-based observations in order to develop flood-forecasting techniques in many regions around the world. However, the problem is acute in a sense that satellite data alone cannot provide somewhat accurate forecast without the in situ measurements, gauge data and other historic hydrologic parameters.
The ultimate goal of the project is to build up disaster management capacity in East Africa by providing local governmental first responders and international aid organizations a practical decision-support tool in order to better assess emerging flood impacts and to quantify spatial extent of flood risk, as well as to respond to such flood emergencies more expediently.
Methodology:
For the SERVIR Africa flooding application, the key enabling NASA research result is the Goddard Space Flight Center (GSFC) Global Hazard Model -Flood (GHM-Flood), which uses as input data, the TRMM-based Multi-satellite Precipitation Analysis (TMPA) precipitation product-TRMM 3B-42 (Fig. 2) , the AMSR-E soil moisture product, the digital elevation data from the Fig. 2 . TRMM Global daily precipitation Digital elevation from SRTM mission (30m), the MODIS Land cover and evapotranspiration data products, and soil parameters provided by FAO. The TMPA product is a near real-time precipitation rate product at fine time and space scales (3-hr, 0.25° x 0.25° latitude-longitude) over the latitude band 50° N-S. This product makes use of TRMM's highest quality observations, along with high quality passive microwave-based rain estimates from 3-7 polar-orbiting satellites (e.g. AMSR, (2) SSMI/ DSMP, (2) AMSU/ POES), and all the geosynchronous IR sensors (Meteosat, GOES, GMS). The combined quasi-global rain map at 3-hr resolution is produced by using TRMM to calibrate, or adjust, the estimates from all the other satellites, and then combining all the estimates into the TMPA final product. The technique uses as much microwave data as possible, and uses the geo-IR estimates to fill in gaps in the three-hour analysis. The calibrations are computed using monthly accumulations of matched data to ensure stability. The TMPA is a TRMM standard product. A real-time version of the TMPA merged product was introduced in February 2002 and is available on the U.S. TRMM web site (http://trmm.gsfc.nasa.gov).
Models and algorithms:
The GHM -Flood model is fundamentally based on the Hydrologic Engineering Center (HEC) Hydrologic Modeling System (HMS) developed by the US Army Corps of Engineers. However, GHM-Flood predicts floods globally by incorporating the TMPA real-time precipitation estimates into a modified hydrological model that includes surface parameters from high-resolution topography and many other geospatial data sets. The GHM -Flood includes four major components: (1) a real-time satellite-based precipitation measuring system; (2) a geospatial database containing global hydrological and digital elevation parameters; (3) a spatially distributed finite element hydrological model; and (4) an open-access web interface. Surface topography data from the geospatial database are used to define river networks and subcatchments on a global basis. Information regarding soil properties, land cover, and topography from the geospatial database is used for delineating and parameterizing catchments and basin reaches, and for calculating infiltration. Fig. 3 shows the computational scheme used by the flood models to estimate surface water accumulation for each catchment basin which is further divided into (I x J) finite elements. The underlying principle is conversation of water mass which is used to iteratively compute the time varying change in surface water as the difference between element in-flows (precipitation, surface water flow in) and element out-flows (soil infiltration, evapotranspiration, and the surface water flow out). The NASA GHM -Flood model uses the US Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) method of gridded Curve Number (NRCS-CN) for rainfall-surface runoff partitioning. Afterwards, the ModClark method is used for routing the catchments' runoff through gridded river networks based on first-order linear differential equations 2. The NRCS-CN method generates runoff as a function of precipitation, soil property, land use/cover, and hydrological condition. The latter three factors are empirically approximated by one parameter, Curve Number (CN). Following methodology adopted from the standard lookup tables in USDA (1986) and NEH-4 (1997), we derived a global CN map from infiltration characteristics of soils classified by USDA-NRCS (2005) and the MODIS land cover classification 3 . Time-varying NRCS-CN values are further determined by using TRMM Antecedent Precipitation Index (API) as a proxy of wetness conditions. USGS research groups have shown that the NRCS-CN method is cost-effective to simulate surface runoff processes in their Geospatial Stream Flow Model 4 , being particularly useful at places lacking comprehensive observing networks.
High Resolution Modeling and Challenges: As stated by Hong et. al 5 many hydrological models have been introduced in the hydrological literature to predict runoff 6 , but few of these have become common planning or decision-making tools 7 either because the data requirements are substantial or because the modeling processes are too complicated for operational application. On the other hand, progress in regional or global rainfall-runoff simulation has been constrained by the difficulty of measuring spatiotemporal variability of the primary causative factor, i.e., rainfall fluxes, continuously over space and time. Building on progress in remote sensing technology, researchers have improved the accuracy, coverage, and resolution of rainfall estimates by combining imagery from infrared, passive microwave, and space-borne radar sensors and processed in real time can provide near-real-time rainfall at hydrologically relevant spatiotemporal scales tens of kilometers daily. Over much of the globe, remote sensing precipitation estimates are the only available source of rainfall information, particularly in real time. Correspondingly, remote sensing has increasingly become a viable data source to augment the conventional hydrological rainfall -runoff simulation, especially for inaccessible regions or complex terrains, because remotely sensed imageries are able to monitor precipitation and identify land surface characteristics such as topography, stream network, land cover, vegetation, etc.
We now plan to apply the hydrologic modelVariable Infiltration Capacity (VIC) model, developed at the University of Washington and Princeton University. It will be augmented with the in situ stream flow and precipitation data in addition to the TRMM observations to achieve a higher resolution of 1km x 1km flood forecast. It is a semidistributed grid-based hydrological model which parameterizes the dominant hydrometeorological processes taking place at the land surface -atmosphere interface. A mosaic representation of land surface cover, and subgrid parameterizations for infiltration and the spatial variability of precipitation, account for sub-grid scale in key hydrological processes. The model uses three soil layers and one vegetation layer with energy and moisture fluxes exchanged between the layers.
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Summary: The project is in its second year of development and it will take another 2 years to get it fully functional. The future satellite measurements such as soil moisture and precipitation will enhance the products and its applicability. RCMRD plans to expand this concept to its other member nations where they can be trained to take advantage of the capabilities as foreseen by this cooperation. The initial thrust is to use the TRMM precipitation, terrain data, soil properties and vegetation information to build flood potential maps. MODIS will be very helpful in generating the flood potential maps. Now, the plan is to work with the meteorological organizations of each member nation to utilize the precipitation forecast data. This information can be fed into the models to eventually develop the flood forecast maps or areas under flood risk.
